3 of 21 thus an extended production period and the possible risk of losing the desired mixture of 97 commercially interesting species [27, 40] .
99
The goal of this review is to synthesize studies on forest restoration in Slovenia and neighboring 100 countries with similar silviculture after various natural disturbances. We first discuss natural 101 regeneration processes in forest reserves and natural forests. Such areas are typically excluded from 102 post-disturbance intervention [41] , but see [30, 35] . Nevertheless, they can inform us about natural 103 processes as well as the possibilities and consequences of non-intervention in managed forests [42] .
104
We then discuss the most important drivers of post-disturbance regeneration, which are important 105 for silvicultural decisions about applying natural or artificial regeneration in affected areas. In the 
115
Like other mesic-temperate forests worldwide, gap-scale disturbances are the primary driver of 116 forest dynamics in the absence of more severe perturbations in these forest types. Consequently, 117 most studies on natural regeneration have focused on the filling of tree fall gaps (i.e. holes in the 118 forest canopy that generally range in size from 10 to 1000 m 2 ). These studies clearly demonstrate that 119 a bank of advance regeneration of shade tolerant species, particularly beech and fir, is a common 120 feature of such forests, and that gaps are often filled by individuals already present as advance 121 regeneration prior to mortality of canopy trees [43] [44] [45] [46] [47] .
122
Even after more severe disturbances, such as intermediate severity events that create partial 123 canopy damage (e.g. removal of 10-30% of the canopy in a given stand), the bank of advance shade 124 tolerant regeneration accelerates succession towards the dominance of these species in the canopy 125 layer [44, 48] . Less shade tolerant species that coexist in these forest types, such as maple (Acer sp.), 126 ash (Fraxinus sp.) and Elm (Ulmus sp.), tend to recruit in situations where a relatively large patch of 127 canopy is removed over areas where advance regeneration of shade tolerant species is largely absent 128 or less developed [48, 49] . 
145
Similar to old-growth forests [53, 54] , initial forest structure in managed forests significantly 146 influences the resistance of the forest ecosystem to disturbance impact as well as its post-disturbance 147 recovery [1, 36, 55] . Results from studies in Slovenia indicate that mixed uneven-aged forests are 148 more resistant and resilient to disturbance than even-aged spruce (Picea abies (L.) H. Karst.) forests 149 with high growing stock and may sooner return to their original state [56] [57] [58] . This is similar to other 150 research from Central Europe [4, 55, [59] [60] [61] , but see [5] . Understory trees and advance regeneration 
153
Pre-disturbance seedling establishment may not be adequate to ensure successful regeneration.
154
Previous research indicates that on extreme microsites (e.g. sunny, exposed microsites) established 155 regeneration may fail after exposure to open conditions [52, 64] , particularly if it is composed of 156 shade-tolerant species (fir, beech).
157
Overall, regular uneven-aged management will help perpetuate well-structured and mixed forest 158 stands and lessen the impact of disturbance and increase the ability of the forest to recover.
159
However, it is important to consider that after logging, especially after thinning, the risk of damage 160 to a stand due to disturbance is increased for a period of 3 to 5 years [65] [66] [67] [34, 88, 91, 92] . This has been confirmed in several 246 studies of post-disturbance regeneration in Slovenia [57, 64, 87, 90, 93] . In the context of species groups 7 of 21 this was especially significant for anemochorous species, while pioneers were more successful 248 further from the forest edge (e.g. at least one tree height). Zoochorous species were more dependent 
278
In studies carried out in Slovenia on post-disturbance regeneration, disturbed (by logging or 279 treefall) and elevated microsites (near stumps) experienced lower initial ground vegetation coverage 280 and were associated with higher regeneration densities [64, 87] . Older observational studies also 281 indicated better regeneration in sinkholes within flat meso-relief and micro-depressions within 282 southern exposed slopes, but we found only indirect evidence for this in recent studies [64, 87] .
284
In Slovenia forest sites on carbonate bedrock are widespread. In the event of natural 285 disturbance, they are often subject to severe erosion. Most research indicated a negative association 286 between rockiness and seedling abundance [57, 64, 90] . This is often not the case for spruce and fir, 
297
Most studies have highlighted its negative role as a competitor for growing space and resources
298
( Figure 5 ). This was suggested from research of gaps in managed forests [105, 106] 
383
(bottlenecks in the production of seedlings).
384
When deciding between natural and artificial regeneration it is reasonable to also consider the planted seedling, but these species may not be part of the natural vegetation community. Therefore,
408
spruce is being increasingly replaced by broadleaves, but planting success is often not satisfactory 409 ( Figure 7 ). Some shade-tolerant advance regeneration declined in post-disturbance areas [87, 90] .
410
Regarding fir this may be attributed to browsing [57] ; however, in an experimental study, the decline 411 was also observed in fenced areas [64] .
412
Direct seeding is rarely applied as a measure of artificial regeneration in temperate forests [131, 132] . 
426
Note the browsing damage to the sapling in the image.
427

Silvicultural interventions
428
Silvicultural operations that accompany planting, such as site preparation for planting or direct 
